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ABSTRACT 

The aim of the investigation is to determine the CI engine performance and emission characteristics of 
methyl ester mango seed biodiesel fueled and lirconia thermal barrier coated single cylinder four stroke diesel 
engine. The piston, piston head, inlet, and outlet valves were coated with lirconici thermal barrier coating material. 

The engine was operated for different injection pressures for B00, B30, TBC+B00 and TBC+B30 biodiesels. 

The experiments were conducted on water cooled diesel engine to determine the indicated pressure, brake thermal 
efficiency, specific fuel consumption and emission characteristics. The result indicates that the brake thermal 
efficiency of the biodiesel was slightly lower than the brake thermal efficiency of diesel fueled engine. The brake 
thermal efficiency of coated condition is higher than the uncoated condition. The specific fuel consumption of 
biodiesel was more compared to diesel and specific fuel consumption for coated condition is lower than the uncoated 
condition. The emission charecteristics were lower for coated condition than the uncoated condition. 
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INTRODU CTION 

The introduction of new technologies has played a role in making advancements to this century-old 
technology. Lighter and stronger materials, advanced manufacturing processes, improved combustion chamber 
designs, advanced exhaust after treatment technologies and new computational means for designing, analyzing and 
optimizing the internal combustion engine are just a few of the advancements have made to achieve significant 
improvements in performance and emissions of the diesel engines[l-2]. The quantity of the energy acquired from 
the fuel was not an intended level because of the factors in the combustion chamber of the engine. The availability 
of fossil fuels were decreasing and increasing the cost of the fuels leads the automotive engineers to turn towards 
the alternate fuels and also to look for the different methods to improve the performance of the engine. Thus, the 
biodiesels plays an important role in replacing the conventional fuels and thermal barrier coating in the combustion 
parts may increase the performance of the engine by reducing the heat transfer to the engine parts. Few research 
scholars investigated the performance of the biodiesel fuelled and thermal barrier coated CI engine [3-8]. 
T. Karthikeya Sharma [9] studied the inUuence of argon gas in the intake air of thermal barrier coated SI engine 
which results in the increase of the engine performances and decreased in the emissions. The thermal barrier 
coating enhances the exhaust gas temperature leads decrease in the CO emissions. Yikrant Garud et al., [10] 
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reported that the thermal barrier coating in the engine piston enhances the peak pressure development to 6 bar and the 
increases the exhaust gas temperature. The TBCE reduces the heat transfer through the engine parts, this impacted on 
increasing the brake thermal efficiency by 1.4% [11]. Vinay Kumar Domakonda and Ravi Kumar Puli [12] reviewed the 
theoretical and experimental conclusions of the TBC engine and suggested that the results are of mixed type thus more 
research work to be carried out on the thicknesses of the different layers must be optimized to minimize the stresses under 
service conditions. Can Hasimoglu et al., [13] conducted various experiments on a turbocharged direct injection diesel 
engine coated with CaZr0 3 by using diesel and biodiesel fuels and reported that with the LHR diesel and STD diesel 
conditions the brake thermal efficiency was increased approximately 3%, 4% and 6.5%, respectively. Thermal barrier 
coatings in diesel engines lead to advantages including higher power density, fuel efficiency, and multifuel capacity due to 
higher combustion chamber temperature [14, 15]. Zirconates have drawn the attention of several research groups as a 
promising alternative to YSZ. The main advantages of zirconates are their low sintering activity, low thermal conductivity 
and good thermal cycling resistance [16-18]. A.K. Agarwal [19] reported that the sulphur content in the biodiesel was very 
low and non toxic. The thermal efficiency of the biodiesel fueled diesel engine was nearly same as the diesel fuelled engine 
[20]. The augmentation of the NOx emissions in the biodiesel engine was based on the amount of oxygen content in the 
biodiesel [21-22]. Thus, in the present study the piston, piston head, inlet, and outlet valves were coated with zirconia 
thermal barrier coating material. The engine was operated for different injection pressures for B00, B30, TBC+B00 and 
TBC+B30 biodiesels. The experiments were conducted on water cooled diesel engine to determine the indicated pressure, 
brake thermal efficiency, specific fuel consumption and emission characteristics. 

EXPERIMENTATION DETAILS 

The experiment was conducted to determine the inlluence of injection pressure on performance on methyl ester 
mango seed biodiesel fuelled CI engine. The experiments were carried out at steady speed of 1500 rpm for comparing the 
performance of CI engine by varying its injection pressure for pure diesel and for 30% blend of bio-diesel. The biodiesel 
blend is prepared by adding 30% of methyl ester mango seed biodiesel to the pure diesel for testing. The piston, piston 
head, inlet and out let valves were coated by 50 micron thickness of zirconia thermal barrier coating ceramic material by 
plasma spray coating technique as shown in the figure 2. A single cylinder computerized diesel engine is used for the 
conduction of experiments, which was an electrically loaded, water cooled engine directly interfaced with computer as 
shown in figure 1. This engine having a facility to varying the parameters like; load on the engine, speed and injection 
pressure of the engine. The engine was operated for 210, 225 and 250 bar injection pressures for B00, B30, TBC+B00 and 
TBC+B30 biodiesels. The brake thermal efficiency, specific fuel consumption and emission characteristics were 
determined and compared. The uncoated piston and coated piston are fitted to the engine for conducting the experiments. 
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Figure 1: Single Cylinder 4-Stroke Diesel Engine Test Rig with Emissions Testing Instrument 

Table 1: Engine Specification 


Parameters 

Specification 

Manufacture 

Kirloskar oil engines Ltd. India 

Engine 

ICEngine set up under test is 

Research Diesel engine (TV1) 
havingsingle Cylinder, Four stroke , 
Constant Speed, Water Cooled, 

Bore/stroke 

87.5mm/110mm 

C.R 

12:1 to 18:1 

Speed 

1500 RPM 

Rated power 

3.50 kW 

Working cycle 

Four stroke 

Response time 

4 micro seconds 

Type of sensor 

Piezo electric 

Crank angle sensor 

1-degrere crank angle 

Injection pressure 

250bar/23 def TDC 

Resolution of 1 deg 

360 deg with a resolution 



Figure 2: Zirconia Coated Piston Head, Piston, Inlet and Outlet Valves 
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RESULTS AND DISCUSSIONS 

The results of the experimentation are discussed in this section. 

InAuence of Load and Injection Pressure on Indicated Pressure 

The figure 3 illustrates the effect of load and injection pressure on the indicated pressure developed in the cylinder 
when B00, B30, TBC+BOO and TBC+B30 biodiesels are used for, with and without coating at an engine speed of 1500 
rpm and compression ratio of 18. The development of indicated pressure increases as the load on the engine enhances and 
the indicated pressure for TBC coated condition was higher compared to uncoated condition when B00 and B30 biodiesels 
were used. The indicated pressure development was higher at 225 bar injection pressure for all conditions. The indicated 
pressure developed in the engine increases by 13% for B00 biodiesel with coated condition compared to uncoated piston 
with B00 biodiesel for 9kg engine load. The indicated pressure developed in the engine increases by 5.76% for B30 
biodiesel with coated condition compared to uncoated piston with B30 biodiesel for 12kg engine load. The indicated 
pressure for B30 biodiesel with coated condition increases by 9.74% compared to B30 biodiesel with uncoated condition 
and the indicated pressure for biodiesel B00 with coated condition enhances by 11.16% when compared to B00 biodiesel 
with uncoated condition at 225 bar injection pressure. 




Figure 3: InAuence of Load and Injection Pressure on Indicated Pressure 
InAuence of Load and Injection Pressure on Brake Thermal Efficiency 

The figure 4 illustrates the effect of load and injection pressure on the brake thermal efficiency when B00, B30, 
TBC+B00 and TBC+B30 biodiesels are used for with and without coating at an engine speed of 1500 rpm and 
compression ratio of 18. The brake thermal efficiency increases as the load on the engine enhances and the brake thermal 
efficiency for coated condition was higher compared to uncoated condition when B00 and B30 biodiesels were used. 
The brake thermal efficiency was higher at 225 bar injection pressure for all conditions. The brake thermal efficiency 
increases by 9.51% for B00 biodiesel with coated condition compared to uncoated piston with B00 biodiesel for 9kg 
engine load. The brake thermal efficiency increases by 12.47% for B30 biodiesel with coated condition compared to 
uncoated piston with B30 biodiesel for 12kg engine load. The brake thermal efficiency for B30 biodiesel with coated 
condition increases by 9.42% compared to B30 biodiesel with uncoated condition and the brake thermal efficiency for 
biodiesel B00 with coated condition enhances by 11.6% when compared to B00 biodiesel with uncoated condition at 225 
bar injection pressure. 


Impact Pactor (JCC): 7.6197 


SCOPUS Indexed Journal 


NAAS Rating: 3.11 












Influence of Thermal Barrier Coating and Mems Biodiesel on the Performance 
And Emission Characteristics ofSingle Cylinder Diesel Engine 


281 




Figure 4: InAuence of Load and Injection Pressure on Brakethermal Efficiency 
InAuence of Load and Injection Pressure on Specific Fuel Consumption 

The figure 5 illustrates the effect of load and injection pressure on the specific fuel consumption when B00, B30, 
TBC+BOO and TBC+B30 biodiesels are used for with and without coating at an engine speed of 1500 rpm and 
compression ratio of 18. The specific fuel consumption decreases as the load on the engine enhances and the specific fuel 
consumption for coated condition was lower compared to uncoated condition when B00 and B30 biodiesels were used. 
The specific fuel consumption was lower at 225 bar injection pressure for all conditions. The specific fuel consumption 
decreases by 8.57% for B00 biodiesel with coated condition compared to uncoated piston with B00 biodiesel for 9kg 
engine load. The specific fuel consumption decreases by 5.4% for B30 biodiesel with coated condition compared to 
uncoated piston with B30 biodiesel for 12kg engine load. The specific fuel consumption for B30 biodiesel with coated 
condition decreases by 5.45% compared to B30 biodiesel with uncoated condition and the specific fuel consumption for 
biodiesel B00 with coated condition declines by 13.33% when compared to B00 biodiesel with uncoated condition at 225 
bar injection pressure. 


Speed: 1500 rpm CR:18 Injection pressure : 225 bar 




Figure 5: InAuence of Load and Injection Pressure on Specific Fuel Consumption 
InAuence of Load and Injection Pressure on CO Emissions 


The figure 6 illustrates the effect of load and injection pressure on the CO emissions when B00, B30, TBC+B00 
and TBC+B30 biodiesels are used for with and without coating at an engine speed of 1500 rpm and compression ratio of 
18. The CO emissions increases as the load on the engine enhances and the CO emission for coated condition was lower 
compared to uncoated condition when B00 and B30 biodiesels were used. The CO emissions were lower at 225 bar 
injection pressure for all conditions. The CO emissions decreases by 12.82% for B00 biodiesel with coated condition 
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compared to uncoated piston with B00 biodiesel for 9kg engine load. The CO emissions decreases by 18.37% for B30 
biodiesel with coated condition compared to uncoated piston with B30 biodiesel for 9kg engine load. The CO emissions for 
B30 biodiesel with coated condition decreases by 29% compared to B30 biodiesel with uncoated condition and the CO 
emissions for biodiesel B00 with coated condition declines by 24.5% when compared to B00 biodiesel with uncoated 
condition at 225 bar injection pressure. 




Figure 6: InAuence of Load and Injection Pressure on Co Emissions 
InAuence of Load and Injection Pressure on HC Emissions 

The figure 7 illustrates the effect of load and injection pressure on the HC emissions when B00, B30, TBC+BOO 
and TBC+B30 biodiesels are used for with and without coating at an engine speed of 1500 rpm and compression ratio of 
18. The HC emissions increases as the load on the engine enhances and the HC emission for coated condition was lower 
compared to uncoated condition when B00 and B30 biodiesels were used. The HC emission was higher at 225 bar injection 
pressure for all conditions. The HC emissions decreases by 6.9% for B00 biodiesel with coated condition compared to 
uncoated piston with B00 biodiesel for 9kg engine load. The HC emissions decreases by 10.34% for B30 biodiesel with 
coated condition compared to uncoated piston with B30 biodiesel for 12kg engine load. The HC emissions for B30 
biodiesel with coated condition decreases by 5% compared to B30 biodiesel with uncoated condition and HC emissions for 
biodiesel B00 with coated condition declines by 4.41% when compared to B00 biodiesel with uncoated condition at 225 
bar injection pressure [22-25]. 
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InAuence of Load and Injection Pressure on NOx Emissions 

The figure 8 illustrates the effect of load and injection pressure on the NOx emissions when B00, B30, TBC+BOO 
and TBC+B30 biodiesels are used for with and without coating at an engine speed of 1500 rpm and compression ratio of 
18. The NOx emissions increases as the load on the engine enhances and the NOx emission for coated condition was lower 
compared to uncoated condition when B00 and B30 biodiesels were used. The NOx emission was higher at 225 bar 
injection pressure for all conditions. The NOx emissions decreases by 3.46% for B00 biodiesel with coated condition 
compared to uncoated piston with B00 biodiesel for 9kg engine load. The NOx emissions decreases by 4.1% for B30 
biodiesel with coated condition compared to uncoated piston with B30 biodiesel for 6kg engine load. The NOx emissions 
for B30 biodiesel with coated condition decreases by 6.83% compared to B30 biodiesel with uncoated condition and NOx 
emissions for biodiesel B00 with coated condition declines by 4.02% when compared to B00 biodiesel with uncoated 
condition at 225 bar injection pressure [22-25]. 



CONCLUSIONS 

The efficiency and emission characteristics of zirconia thermal barrier coated and biodiesel fueled CI engine were 
determined. The piston, piston head, inlet and outlet valves were coated with zirconia thermal barrier coating ceramic 
material by plasma spray coating technique. The development of indicated pressure increases as the load on the engine and 
brake thermal efficiency enhances and the indicated pressure for coated condition was higher compared to uncoated 
condition. The indicated pressure developed in the engine increases by 13% for B00 biodiesel with coated condition 
compared to uncoated piston with B00 biodiesel for 9kg engine load. The brake thermal efficiency increases by 12.47% for 
B30 biodiesel with coated condition compared to uncoated piston with B30 biodiesel for 12kg engine load. The specific 
fuel consumption decreases by 5.4% for B30 biodiesel with coated condition compared to uncoated piston with B30 
biodiesel for 12kg engine load. The CO emissions decreases by 18.37% for B30 biodiesel with coated condition compared 
to uncoated piston with B30 biodiesel for 9kg engine load. The NOx emissions decreases by 4.1% for B30 biodiesel with 
coated condition compared to uncoated piston with B30 biodiesel for 6kg engine load. The NOx emissions for B30 
biodiesel with coated condition decreases by 6.83% compared to B30 biodiesel with uncoated condition and NOx 
emissions for biodiesel B00 with coated condition declines by 4.02% when compared to B00 biodiesel with uncoated 
condition at 225 bar injection pressure. 
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